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D* PRODUCTION ASYMMETRY

Asymmetry in DF partial width:

_I(D* —f) =T (D~ =) O
@ I(D+ = f)+T(D~ =)

» Signal for CP violation
» Expected to be < 0(0.1%)

> Measurement affected by D* production asymmetry
== Need good theoretical prediction for production asymmetry

D* production asymmetry:
o(DF) — (D7)
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LHCb!:
Ap=—0.9640.26 £0.18% at 7 TeV (2.0 GeV < pr < 18 GeV, 2.2 < n < 4.75)
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1R. Aaij et al. (LHCb Collaboration) (2013) [1210.4112]



Standard perturbative QCD:

ij

dofpp = D+ X]=> _fiy ®fiyp ®d6ij = ¢+ X] ® Desp
> Gives Ap =0

» Neglect 1/pr corrections
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Heavy quark recombination mechanis:

m2:

=
% I

E. Braaten, Y. Jia and T. Mehen (2002) [hep-ph/0108201]




(@)  ds[D] = délgg — (@)" + clpl(cq)” — DI (4a)
(b)  ds[D] = dolge — (cq)" + glol(cq)” — DI (4b)

()  do[D] =ds[ag — (cq)" +clpl(cq)” — H @ D;_,p (40)
(cq)": oq pair with relative momentum ~ Agcp at state n =25+1 L;l’s)
pl(cq)" — DJ: probability for (¢4)" to hadronize into D

2
» dé suppressed by as <':—?) relative to Eq. (3) at large pr
» p~ Agcp/mg at leading power
> Successfully applied to explain asymmetres in fixed target experiments

p at leading power:
" = pled (8D - D] pl = pled(s{") » D*]
o = pled(s) — D*] P = pled(*s¥) — D] ®)

Heavy quark spin symmetry:

pled('sy)) — D¥] = pled(*s\7) — D**]
pled(®8) — D¥] = pled('s|”) — D**] ©)



délqg — (cq)" + c] calculated by Braaten et al.
We calculate dé [qc — (c9)" + g]:
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Ilustrating the method:

Do a tree level matching for d6|D] = dé[gc — (¢q)" + glp[(cq)" —

]




In rest frame of pg, p; ~ O(Agcp). So take the leading singular piece for p; — 0.

_ Aq Ay
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For Qg 55), 01 (pQ)Tj(pa) — —=mo(pg — m)s

Define p in HQET:

_ _ 1 dn dn,
plQg('s) = H = — [ Z2 /JW(m»nz)
ZmQ

dw dwz _ _
Wonsma) = =5 [ S0 [ SR emimentines 0fh, (0)ysa(rolal ai(ro)ash 0)[0)

P Easily see p ~ Aqgcp/mg by power counting
P 1/7 absorbs IR divergence 1/Aqcp of partonic diagrams

= 14(1) = 1.(1) meé
PlQq(" S5 ") — Qa("S; )] = 5 + O(as)
(U'Pq)

So tree-level matching is equivalent to
_ b = 14(1) =
vi(pQ)ij(pg) — ﬁmQ(VQ —mg)vs5p[Qq("Sy’) — HI
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Similarly for 15(()8>, 35%”, 3S§8)
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Result

P Use pi" and p§" determined from fixed target experiments with single-parameter fit. Set pif = p;f and fit
to data.

»  Include feeddown from D*+

P Restrict H in (c) to be D or D* only; sum over § = ii, d and § with SU(3) flavor symmetry assumed

P Use Peterson fragmentation function D._, j(z) = % (Ny and e, from ZEUS Collaboration)

C
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P> Take uf =4/ p.zr + mé Use MSTW 2008 LO PDFs. Use LO cross section for the standard pQCD part.
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Grey band from varying the ps in the intervals 0.055 < pi" < 0.065,0.65 < pg" < 0.8,0.24 < pif < 0.30 and
0.24 < pgf < 0.30 respectively. Dashed lines from varying 0.055 < e, < 0.69.

Integrated Ap: —0.88% < Ap < —1.07% (data: Ay = —0.96 + 0.26 £ 0.18%)
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BARYON PRODUCTION ASYMMETRY

No data from LHCb yet. Here we simply make an order-of-magnitude prediction.
Production asymmetry of Ag (udQ):

4 — 9(Ag) —a(Ag)

= — 14

" o(Ag) +o(Ag) "

(@) dé[Ag) =dégg — (Q9)" + Qlminc[(Q))" — Ag] (15)
(b)  do[Ag] = d5[Qq — (Q))" + glmncl(Q0)" — Ag) (16)

() do[Ag] =) délgg — Q)" +Ql D pl(Q9)" = Humeson] ® Dosny  (17)

Hieson

@) do[Agl = dolag — QD" +Ql Y nl(QD)" = Huryon] ® Doy, (18)

Ebaryun
H taken to be a low-lying heavy hadron
ﬁinc[(Qﬁl)" - AQ] = Ti[(Qﬁl)" - AQ]+ Z n[(Qf/)" - Hbaryon}B[Hhmyon - AQ+X]

Hburyon # AQ
(19)

S 2@7)" > Hiagon] = 5 micl(Q0)" = gl 0)
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7 at leading power:

m = n[Qq('s)) = Ag] s = n[QqCs™) — Ag)
16 = n[Qq(*s{¥) = Ag] il = n[Qa(**) — Ag] @1

» Use same values of ps as for D case

For Af production, use 3, determined from fixed-target experiment with
single-parameter fit. Set 13 jnc = 76,inc = 76,inc = 0.

For ns for Ay, and ps for B, simply mutliply A and D counterparts by the
theoretical scaling factor /1y,

> Take Do, (2) =fayd(1 —2)
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Ap distributions, 2 < y < 5and 2 GeV < pr < 20 GeV in7 TeV (grey band) and 14 TeV (black band) pp collisions
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collisions
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Data at 7 TeV from CMS (S. Chatrchyan et al. (CMS Collaboration) (2012) [1205.0594]). Grey band from heavy quark
recombination mechanism with all 7;,,.s set equal to each other, with 0.2 < n;,,. < 1.




OUTLOOK

lines to definition of p

» Global fit for ps in D* production asymmetry (mostly done)
» NLO calculation of heavy quark recombination mechanism. Add soft Wilson

(1) dm [ dmp
Sy H)
PR T = o [T [T

7W(m 2 12) @2
dwy [ dwy o imwitinw +
Womm) = — 1 [ [ L2 e 42 01, (0)355(0, wyodq(wro)adag (1) (w10, O 0)]0)
(in progress)

(23)

» Compare with predictions from other models of soft QCD processes




Thank you.



